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BACKGROUND OF THE INVENTION 

[0002] Semiconductor chips are typically manufactured en 

masse in so called wafers. Each such wafer is made of a 
semiconductor material and typically is four to twelve inches 
in diameter. Each wafer typically contains a plurality of 
identical chips each connected and adjacent one another, but 
separated by portions of the wafer called scribe lines. The 
scribe lines do not contain devices which are required in the 
finished chips. Eventually, such individual chips are 

separated (or "diced") from one another for packaging and/or 
electrical connection to other chips. Prior to such further 
processing and connection, however, such chips need to be 
tested in order to determine which chips are defective so that 
further expense in processing does not occur on such defective 
chips. Such testing is typically called "probing." This 
testing may be accomplished by testing a single chip or 
multiple chips in defined rows on the wafer, and then 
repeating the testing operation with other chips or rows. 
Alternatively, the chips may be separated from one another 
first and then tested individually. Typically, probe contacts 
are abutted against (and preferably gently scrubbed or scraped 
against) respective chip contacts so that the chip circuitry 
may be tested. The process of testing one chip or a few chips 
at a time is slow and hence costly. Recently, simultaneous 
testing of a full undiced wafer has been discussed and is 
being tried by several manufacturers. 

[0003] When probing chips or wafers, it is important to 
have a planar set of probe contacts so that each probe contact 
can make simultaneous electrical contact to a respective chip 
contact. It is also important to have the contacts on the 
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wafer coplanar. Typically, if the tips of the probe contacts 
do not lie in approximately the same plane, or if some of the 
contacts on the wafer are out of plane, more force must be 
exerted on the back of the probe in an effort to engage all of 
the probe contacts with the chip contacts. This typically 
leads to non-uniform forces between the tips of the probe 
contacts and the wafer contacts. If too much force is placed 
on any one probe contact, there is a potential to harm the 
chip contacts. Planarity and a balanced probe contact force 
is also important in order to have approximately the same 
ohmic resistance across all of the probe contacts so that the 
electrical signals have approximately the same level of 
integrity. Maintaining similar ohmic probe to chip contact 
resistance is especially important for accurate testing of 
chips that are designed to be run at high speeds. For such 
high speed chips, it is also important to control the 
impedance of the probe tester (resistance, capacitance & 
inductance) as a whole to maintain the integrity of the 
electrical signals . 

[0004] United States Patent Number 4,566,184 discloses a 
probe card that has a board with an aperture in it. The board 
has conductive traces on a top surface. A bottom surface of 
the board has a conductive layer which is used as a ground 
layer. The conductive traces are connected to electroplated 
probe contacts that are located below the board aperture and 
connected to the traces by way of wire bonded connections. 
The assembly is encapsulated (such as by an acrylic potting 
compound) in order to hold the probe contacts in place and 
protect the wire bonds. The wire bonded wires connecting the 
probe board to the contacts provide an uncontrolled impedance 
paths that will introduce added inductance into the probe 
system. Also, because of the limitations inherent with such 
wire bonded connections, it would be difficult to make 
connections to high density chip contacts and area array chip 
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contacts without substantial fear that the wires would short 
against each other. 

[0005] United States Patent Numbers 4,757,256 and 4,837,622 

disclose a probe tester that makes use of an array of 
cantilevered, resilient wires each of which extends from the 
surface of the probe card downwardly towards the chip 
contacts. The probe contact array includes an annular frame, 
and two sets of spaced apart probe wires bonded to the annular 
frame by a curable resin material. The probes are bonded in 
alignment position relative to respective connection pads 
formed on each of the chips on the wafer for individual 
testing of chips on an undiced wafer. The adjacent probe wires 
of both sets are substantially parallel with each other, one 
set of probe wires being spaced apart from the other set. One 
set of probes is adapted for electrical connection to the 
first set of traces on the lower surface, and the other set of 
probes is adapted for electrical connection to the second set 
of traces on the upper surface of the printed circuit probe 
card, in all cases by way of the lower surface thereof. This 
type of probe card had difficulty when the center- to-center 
distance ("pitch") of the chip contacts becomes fairly small 
or when the contacts are not located on a periphery of the 
chip itself. Also, the distended wires may cause excessive 
scrubbing of the chip contacts and shorting of adjacent probe 
wires during testing or handling of the probe card. U.S. 
Patent Number 5,613,861 discloses a spring contact probe that 
eliminates the need to create uniform solder bumps or uniform 
contacting pressure. The spring contacts are formed of a thin 
metal strip which is in part fixed to a substrate and 
electrically connected to a contact pad on the substrate. The 
free portion of the metal strip not fixed to the substrate 
bends up and away from the substrate because of a stress 
gradient formed into it. When the contact pad on a device is 
brought into pressing contact with the free portion of the 
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metal strip, the free portion deforms and provides compliant 
contact with the contact pad. Since the metal strip is 
electrically conductive or coated with a conductive material, 
the contact pad on the substrate is electrically connected to 
the contact pad on the device via the spring contact. 
[0006] United States Patent Number 5,177,439 discloses an 
interface probe card for testing unencapsulated semiconductor 
devices. The probe card is manufactured from a semiconductor 
substrate material. A plurality of protrusions is formed in 
the top surface of the substrate. Each protrusion is coated 
with a layer of conducting material. The protrusions are 
patterned to match either a peripheral or an area array of 
electrode pads on the device to be tested. Conductive 
interconnects couple each of the plurality of coated 
protrusions to an external test system. The probe card design 
disclosed in this patent has the benefit of using 
semiconductor type equipment for its manufacture but makes a 
somewhat rigid connection during a probe operation. 
[0007] United States Patent Number 5,513,430 discloses a 

method for manufacturing a probe card. A layer of resist is 
formed on a plating base. The layer of resist is exposed to 
radiation and developed to provide angled, tapered openings 
exposing portions of the plating base, such as by using x-ray 
radiation. An electrically conductive material is 
electroplated on the exposed portions of the plating base and 
fills the angled, tapered openings. The layer of resist and 
portions of the plating base between the electroplated 
conductive material are removed. The electrically conductive 
material forms the probe card probes which are angled and 
tapered. In addition, the compliant probe card probes may be 
stair-step shaped if more conventional UV radiation is used in 
defining the tapered openings in the plating base. 
[0008] United States Patent Number 5,070,297 discloses a 

wafer level probe tester where all of the chips are tested 
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simultaneously prior to a dicing operation. The disclosed 
probe tester is created using standard wafer processing 
techniques to embed active testing and interfacing circuitry 
in the probe's base silicon substrate. Each probe tester has 
a plurality of probe contacts or tips that are electrically 
connected to the probe tester's circuitry. In this 

disclosure, probe tester may also have memory for storing the 
probe data after the probe tester has probed a wafer. While 
the ability to have internal circuitry in the probe tester 
potentially increases the ability to test the chips in the 
wafer at higher speeds, it has the drawback of requiring extra 
processing of the tester's base substrate. As more and more 
circuitry is added across the face of the tester's base 
substrate, the probe tester encounters the same problems 
encountered in the field with wafer-scale integration 
techniques, namely the yield of the circuitry within the base 
substrate will be adversely affected as more circuitry is 
added to the base substrate. The problem usually occurs when 
very high yielding circuitry is used with lower yielding 
circuitry. The aggregate yield of the resulting circuitry is 
never any higher than the lowest yielding circuitry, leading 
to a more expensive process and structure. 

[0009] Bumped flex test technology has been used by several 
manufacturers (also known as "membrane probe card 
technology"). Test circuits are created on a membrane, such 
as a thin flexible polymeric substrate or silicon substrate. 
Typically such test circuits are limited to diameters of 
approximately 3 inches and incorporate bump contact feature 
sizes of 50 microns minimum line and space. Such feature sizes 
are necessary to access the I/O lands of the IC device. Such 
contact bumps can be as small as 50 microns in both diameter 
and height. The simplest method of creating the contact bumps 
is by deforming the metal from the back side by use of a 
forming die consisting of pins that are located where the 
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contact bumps are to be located. This method works very 
effectively but is limited in terms of minimum size of the 
bump that can be produced and in terms of performance because 
the cavity created during the bump formation can be a source 
of weakness. In addition, such contact bumps normally must 
be over plated after the forming process with a suitable 
contact finish such as gold. This is not only cumbersome but 
can add to whatever non-planarity that was present in the part 
initially. Another method used for creating the bumps, 
especially micro-bumps or metal contact bumps having 
dimensions of less than 250 microns across and rising 25 to 
100 microns above the surface, is to uniformly plate up the 
bumps from the surface of the conductor. This has been 
performed by several manufacturers and is the method of choice 
for creating uniform contact bumps. These methods for 

creating a membrane probe card have been seen as either cost 
prohibitive or have been viewed as impractical for testing of 
printed circuit boards ("PCBs"). This is due perhaps to the 
intrinsically high cost of the test circuits and the small and 
delicate nature of the test circuits. Another membrane probe 
tester for testing unpackaged chips having flip chip solder 
balls attached to their contacts is shown in United States 
Patent Number 5,062,203 ( u, 203 patent"). The x 203 patent does 
not make use of the aforementioned bump contacts because they 
can deform or damage the flip chip solder balls on the chip's 
contacts and typically have a difficult time maintaining 
contact with the solder ball's curved surface. Instead, this 
reference uses a thin film of flexible material having 
recessed conductive vias so that the tips of each solder ball 
can be captured therein. Other flex based probe card 
solutions are disclosed in United States Patent Numbers 
5,123,850; 5,225,037; . 5,436,568; 5,491,427; 5,500,604; 
5,623,213; 5,625,298; 5,239,260. 
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[0010] The technology disclosed in commonly assigned United 
States Patent Numbers 5,148,265; 5,148,266; 5,414,298; 
5,455,390; 5,518,964; and 5,525,545 is also relevant to the 
present invention. The disclosures in all such recited 
commonly assigned patents are hereby incorporated by reference 
herein . 

[0011] Notwithstanding the positive results of the 
aforementioned commonly owned inventions, still further 
improvements would be desirable. 
SUMMARY OF THE INVENTION 

[0012] One aspect of the present invention provides methods 
of making probe cards . Preferred methods according to this 
aspect of the present invention include the step of providing 
a sacrificial layer, a substrate having electrical circuits 
thereon and a plurality of elongated leads. Each lead has a 
first end connected to the sacrificial layer and a second end 
attached to the substrate and connected to the circuits 
thereon. The first ends of at least some of the leads are 
physically connected to the first ends of others of the leads 
by the sacrificial layer. The method further includes the 
step of moving the substrate and the sacrificial layer away 
from one another so as to bend the second ends of the leads 
away from the sacrificial layer while leaving the first ends 
of the leads in position on the sacrificial layer. Preferably 
a flowable material is injected around the leads during or 
after the moving step and cured so as to form a dielectric 
encapsulant layer surrounding the leads. The sacrificial 
layer typically is removed by dissolving or eroding the layer. 
[0013] In one preferred embodiment, the step of providing 

the sacrificial layer includes the step of providing the 
sacrificial layer with electrically conductive terminals at a 
bottom surface of the layer. These terminals are connected to 
the first ends of the leads. The sacrificial layer protects 
these terminals from the flowable material during injection of 
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the flowable material. Desirably, the step of providing the 
terminals includes the step of forming the terminals on the 
sacrificial as, for example, by placing electrically 
conductive material into cavities in the sacrificial layer so 
that the terminals project upwardly from the bottom surface of 
the sacrificial layer. In this arrangement, the terminals 
will project above the encapsulant layer when the sacrificial 
layer is removed. Desirably, the sacrificial layer is 
provided with the leads thereon, and the leads may be integral 
with the terminals. For example, the leads and the terminals 
may be formed in a single metal-depositing step. The cavities 
in the sacrificial layer may include sharp features so that 
the electrically conductive material deposited into the 
cavities forms a short feature such as points on the 
terminals . 

[0014] The leads may be formed solely from one or more 
metals, as, for example, from metals such as gold, copper or 
combinations thereof. The terminals may include the aforesaid 
conductive metals and may also include one or more hard metals 
such as osmium, rhodium and the like. The leads may include 
polymeric strips as well as conductive strips. 

[0015] The encapsulant layer may be a compliant material. 
Also, the method may further include the step of forming 
channels in the encapsulant layer so as to subdivide the 
encapsulant layer into different portions of the encapsulant 
layer surrounding different ones of the leads. This 
facilitates movement of leads and terminals associated with 
different portions of the encapsulant independent of one 
another, and makes it easier for the terminals to conform to 
the contact pads on the electronic element. 

[0016] Further aspects of the invention provide probe cards 
for testing electronic elements. A probe card in accordance 
with this aspect of the invention desirably includes a 
substrate having electrical circuitry thereon, an encapsulant 
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layer overlying the substrate and a plurality of flexible 
leads extending through the encapsulant layer. Desirably, the 
terminal project above the encapsulant layer and are exposed 
for engagement with contact pads on an electronic element such 
as semiconductor device. The terminals desirably have sharp 
features such as points or edges for engaging the contact pads 
on the electronic element. Also, the encapsulant layer 
desirably has channels therein subdividing the encapsulant 
layer into portions associated with the different leads. For 
example, a single lead, or a few leads, maybe provided within 
each portion. The various portions of the encapsulant layer 
desirably are deformable independently one of one another. 
The terminals maybe physically connected to one another solely 
by the encapsulant layer, leads and substrate. Alternatively, 
the probe card may include a flexible dielectric layer 
overlying the encapsulant layer, the electric layer having a 
top surface facing away from the encapsulant layer and 
substrate. In this embodiment, the terminals may be attached 
to the flexible dielectric layer and may protrude therethrough 
so that the terminals are project above the top surface of the 
flexible dielectric layer. 

[0017] Yet another aspect of the present invention provides 
methods of testing electronic elements. A method according to 
this aspect of the invention includes the step of providing a 
probe incorporating a substrate with electrical circuitry, an 
encapsulant layer overlying a surface of the substrate and 
leads extending upwardly from the substrate through the 
encapsulant layer, the leads having terminals remote from the 
substrate projecting from the encapsulant layer, and 
temporarily engaging the terminals of the probe with contact 
pads on the electronic element by urging the substrate and 
electronic element towards one another so as to deform the 
leads and the encapsulant layer. 

[0018] While the terminals are engaged with the contact 
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pads, the electronic device is actuated so that signals are 
sent between the electronic element and the circuitry on the 
substrate through the engaged contact pads and terminals and 
through the leads. The electronic element maybe a relatively 
large element such as a printed wiring board or semiconductor 
device such as a wafer, including a multiplicity of 
semiconductor chips, each having contact pads. In the latter 
case, the terminals of the probe maybe simultaneously engaged 
with the contact pads of a plurality of the chips in the 
wafer. Most preferably, the terminals of the probe are 
simultaneously engaged with the contact pads with all of the 
chips in the wafer. Stated another way, the preferred methods 
according to this aspect of the invention provide the 
capability of conducting a true wafer-level test. 
[0019] The probe card can be fabricated with leads and 
terminals, the terminals being connected at a close terminal 
to terminal spacing or "pitch" corresponding to the pitch of 
the contact pads on a wafer. Moreover, as further discussed 
below, the locations of the terminals can be controlled 
precisely during fabrication of the probe card. Also, the 
probe card can be fabricated in a relatively large size 
comparable to the size of an entire wafer or the size of an 
entire printed wiring board. These and other objects, 
features and advantages of the present invention will be more 
readily apparent from the detailed description of the 
preferred embodiments set forth below, taken in conjunction 
with the accompanying drawings. 

[0020] In its preferred forms, the present invention 
provides a novel, yet inexpensive probe card for the testing 
of single chips, full undiced wafers or other electronic 
components. The resulting probe card structure allows the 
probe card terminals to be located anywhere thereby allowing 
the testing of chips that have peripherally located chip 
contacts, area array chip contacts or non-unif ormly arranged 
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chip contacts, as well as wafers incorporating such chips. 
BRIEF DESCRIPTION OF THE DRAWINGS 

[0021] Figures 1A - 1H are diagrammatic sectional views 

depicting a probe card in accordance with one embodiment of 
the present invention during successive stages of the probe 
card manufacturing process in accordance with a preferred 
embodiment of the invention. 

[0022] Figure 2 is a diagrammatic top view of a probe card 

in accordance with the preferred embodiment of the invention. 
[0023] Figure 3 is a view similar to Figure 2 but depicting 

a card in accordance with yet another embodiment of the 
invention . 

[0024] Figure 4 is a diagrammatic perspective view 

depicting portions of the card shown in Figure 3 . 
[0025] Figures 5A - 5G are fragmentary diagrammatic 

sectional views depicting portions of a probe card in 
accordance with a further embodiment of the invention during 
successive stages of the manufacturing process in accordance 
with a further embodiment of the invention. 

[0026] Figure 6 is a fragmentary diagrammatic top view 

depicting portions of the probe card shown in FIGS. 5A - 5G. 

[0027] Figure 7 is a fragmentary diagrammatic sectional 

view depicting portions of a probe card in accordance with a 
further embodiment of the invention. 

[0028] Figure 8 is a fragmentary diagrammatic sectional 

view depicting portions of a probe card in accordance with yet 
another embodiment of the invention. 

[0029] Figure 9 is a fragmentary sectional view depicting 

portions of a probe card and an electronic element during a 
testing procedure in accordance with a further embodiment of 
the invent ion . 
DETAILED DESCRIPTION 

[003 0] Figures 1A through 1H show a method for 

manufacturing a probe card having flexible lead connections in 
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a compliant layer matrix. Figure 1A shows a dimensionally 
stable sacrificial layer 100. The sacrificial layer 100 can 
be electrically conductive or dielectric. Desirably, the 
coefficient of thermal expansion ( U CTE") of the sacrificial 
layer is known and predictable over a range of temperatures so 
that it can be approximately matched to the CTE of the 
substrate 170, described below. Preferably, the sacrificial 
layer 100 is a readily etchable metallic layer, such as a 
copper or aluminum layer. However, the sacrificial layer 
could also be comprised of materials such as silicon or 
ceramic, or polymeric materials. The sacrificial layer has a 
first or top surface 110 and a second or bottom surface 120 . 
Terms such as "bottom" ; "top" ; "upwardly" ; and "downwardly" , 
as well as "horizontal" and "vertical" are used in this 
disclosure as referring to the frame of reference of the 
components themselves, and need not have any relation to the 
gravitational frame of reference. 

[0031] As shown in Figure IB, portions of the sacrificial 
layer 100 on the second surface 120 are selectively removed 
leaving concave portions 125 within the sacrificial layer 100. 
The concave portions will be used to create and shape the 
probe terminals so it is important that the shape of the 
concavity is the inverse of the desired shape of the probe 
terminal (as described below) . In this example, the shape of 
the concave portion 125 in Figure IB is conical; however, many 
other shapes could be created if desired. For example, the 
concave portions 125 could have a more rectangular or box-like 
shape or could be semi -spherical in shape. 

[0032] In Figure 1C, a conductive layer 130 is conformally 

electroplated on the second surface 120 of the sacrificial 
layer 100 and within the concave portions 125. If the 
sacrificial layer 100 is made of a dielectric material, a seed 
layer must first be sputtered on the second surface 120 and 
within the concave portions 125 so that that surface is 
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conductive enough to begin the electroplating process. 
Preferably, the conductive layer 13 0 is pattern plated onto 
the sacrificial layer 100. In a pattern plating process, 
first a photoresist material is deposited on the second 
surface 120. The photoresist material is selectively exposed 
and developed such that areas of the photoresist are hardened 
and other areas are removed to expose the conductive surface 
of the sacrificial layer 100. The conductive layer 130 is 
then plated to the approximate thickness needed for the 
terminals and lead features within the areas on second surface 
12 0 where the photoresist was removed. In an alternative 
process, the conductive layer 13 0 is nonselect ively plated 
atop the second surface 120 of the sacrificial layer 100. In 
this alternative process, it is preferable to plate layer 130 
using a metal which is readily etchable (such as copper) so 
that the terminals 160 and leads 150 features can be more 
easily defined from the conductive layer 120. In this case, 
photoresist material is exposed, developed and removed such 
that the photoresist material resides only over the areas that 
will define the terminals 160 and leads 150. The conductive 
layer 120 is then etched in a suitable etching solution to 
remove the undesired portions of the conductive layer 13 0 and 
define the terminals 160 and the lead 150 features. 
[0033] A typical example of thickness for the conductive 
layer is from 8 jam to 2 0 jam. The leads and terminals are 
preferably comprised of a highly conductive, ductile metal, 
such as copper or gold. However, they may also be comprised 
of a high strength metal with resilient or "spring-like" 
qualities. Another possibility is the leads and terminals can 
be comprised of a super-elastic material, such as certain 
nickel-titanium combinations. The next step in the process, 
as shown in Figure ID, is that a joining material 140 is 
disposed on selected areas of the conductive layer 120. The 
joining material 140 may be sputtered or electroplated onto 
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the conductive layer 120. Alternately, the joining material 
may be placed on the conductive layer 12 0 by other 
conventional means. One example of such an alternate means is 
stencil printing of a metal filled adhesive material. As 
further discussed below, the joining material 140 on the lead 
ends serves to bond the lead ends to contacts 180 of the 
substrate. Thus, in an alternate embodiment, the joining 
material may be carried on the contacts 180 instead of on the 
lead ends or in addition to the joining material on the 
substrate. Moreover, where the lead ends can be bonded to the 
substrate contact without the use of a discrete joining 
material other than the material of the leads themselves, the 
joining material may be omitted. 

[0034] As shown in Figure IE, the second surface 120 of the 

sacrificial layer 100 is again etched so that the leads 150 
cantilever above the surface of the sacrificial layer. For 
this step to be accomplished, it is important that the etchant 
used preferentially etches the sacrificial layer 100 over the 
lead and terminal 160 features. This can be accomplished by 
either using an etchant which does not etch the leads and 
terminals or etches the lead and terminals much more slowly 
than it etches the sacrificial layer 100. Typically, the 
first surface 110 of the sacrificial layer would be covered 
during this etching process to make sure that the sacrificial 
layer 100 is not over etched. In a preferable alternate 
method, the leads 150 have lead ends 155A which have larger 
dimensions in the horizontal directions parallel to the second 
surface than the rest of the leads 150. Lead ends 155A shield 
the underlying portions of the second surface 120 from attack 
by the etchant, thereby leaving small portions 105 of the 
sacrificial layer 100 in contact with each of the lead ends. 
Thus, each lead end is releasably attached to the second 
surface of the sacrificial layer by a small portion 105 of 
such layer. This is preferable because the leads are less 
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likely to be bent or otherwise moved out of place prior to 
attachment to a substrate 170. It also more easily allows 
joining material 140 to be coupled to the corresponding 
substrate contacts 180 through the use of pressure, heat 
and/or ultrasonic energy, as shown in Figure IF. 

[0035] A substrate 170 is next juxtaposed with the 
sacrificial layer and leads so that contacts 180 on the 
substrate are aligned with the second ends 155 of the leads. 
Thus, the joining material 140 is placed against corresponding 
substrate contacts 180. The lead ends and substrate contacts 
are joined through the application of heat, pressure or 
ultrasonic energy or a combination thereof, similar to the 
process described in the commonly assigned United States 
Patent Number 5,518,964 (hereinafter u, 964 patent"). 
Preferably, a low temperature method of joining the lead end 
to the substrate contacts (such as by using a conductive 
adhesive) is employed so that any misalignment of the lead 
ends 155 to their corresponding substrate contacts 180 caused 
by the differential of expansion and contraction of the 
substrate 170 and the sacrificial layer during the attachment 
process is insignificant. If a high temperature joining 
mechanism must be employed (such as an alloying or eutectic 
joint) , the sacrificial material 100 is preferably comprised 
of a material which is CTE matched to the substrate 170 so 
that both materials expand and contract at approximately the 
same amount during the joining process. Stated another way, 
one limit on the temperature which can be used in the joining 
process is the difference in CTE between the substrate and 
sacrificial layer; the smaller such difference, the greater 
the temperature which can be employed. Desirably, the 

relative displacement of the lead ends 155, 155A and substrate 
contacts 180 due to differential thermal expansion in the 
joining process is substantially less than the dimension of an 
individual substrate contact, and substantially less than the 
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distance between adjacent contacts. 

[0036] As stated above, one low temperature joining 
material 140 is metal filled conductive adhesive. Typically, 
such adhesives have a joining temperature in the range of 80°C 
to 110°C. One high temperature joining material is eutectic 
bonding system such as gold-tin-gold where gold connections 
are plated on to both the lead ends 155 and the substrate 
contacts 180 and a tin layer is plated either on one side or 
the other so that when the lead ends are brought into contact 
with the substrate contacts 180 under the proper heat and 
pressure conditions, the joint will combine into an alloyed 
joint that has a higher melting point than any of its 
constituent parts alone. This particular type of joint 
typically has an alloying temperature in the range of 280°C to 
325°C. Another example of a possible joining material 140 is 
lead-tin solder, or other standard solder compositions. Lead- 
tin solder could be used at a lower temperature than the above 
described eutectic systems. 

[0037] The substrate 170 typically has circuitry including 
a plurality of conductive traces 172 therein on multiple 
vertical planes interconnected by conductive vias 174. The 
substrate 170 may be made from an inexpensive dielectric 
material such as a standard reinforced epoxy, reinforced epoxy 
or BT (bismalimide triazine) material. It may also be 
comprised of a more expensive ceramic or silicon material, 
especially if active devices are desired in the substrate 
circuitry. 

[0038] As shown in Figure 1G, sacrificial layer 100 and 
substrate 170 are moved away from one another in a vertical 
direction, and a liquid encapsulant 190 is injected or 
otherwise dispensed between the sacrificial layer 100 and the 
substrate 170. Preferably, the pressure of the injected 
encapsulant 190 causes the sacrificial layer 100 and the 
substrate 170 to move vertically away from one another. The 
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sacrificial layer and substrate may also be moved in 
horizontal directions during such vertical movement. The 
motion of these components desirably leaves each lead in a 
curved configuration such as an W S" shape between the terminal 
160 and the substrate contacts 180. During this relative 
motion, the ends 15 5 of the leads are pulled away from the 
sacrificial layer. If the leads are held by the small 
portions 105 of the sacrificial layer, the relative motion of 
the components breaks the small frangible link 105 as the 
sacrificial layer 100 and the substrate 170 move away from one 
another. The encapsulant 190 is then cured, such as by 
applying heat or a chemical curing agent . The cured 

encapsulant acts as protection for the leads and to spread any 
localized stress on the leads during operation of the probe 
card device along the length of each of the leads. 
Preferably, the encapsulant is a highly compliant material, 
such as silicone or a flexibilized epoxy material. However, 
more rigid material may be used as well in applications where 
compliance is required to a lesser degree or is not required 
at all. 

[0039] The last step in the process is to remove the 

remaining portions of the sacrificial layer 100, as shown in 
Figure 1H, so that the tips 165 of the terminals 160 are 
exposed at an exterior surface of the finished probe card 200. 
Alternately, if the sacrificial layer 100 is a dielectric 
material, only selected portions of the sacrificial layer 100 
might be removed (and the sacrificial layer 100 might be 
thinned) such that the remaining portions of the sacrificial 
layer 100 help provide added cohesion between the elements of 
the tips 165 of the terminals to the rest of the elements of 
the probe card 200. In a further alternate embodiment, in 
which the sacrificial layer 100 is a conductive material, the 
sacrificial layer 100 might be selectively removed (as 
described above) and act as a ground or power plane for the 
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probe card 20 0 so as to reduce any stray capacitance or 
inductance. In a still further alternate embodiment, such 
remaining portions of the sacrificial layer 100 may have 
portions which extend into the cured encapsulant 190 to act as 
anchors for the remaining portions of the sacrificial layer 
100 holding them fast to the surface of the encapsulant 190. 
In yet another alternate embodiment, the sacrificial layer may 
be selectively removed so as to leave portions of the 
sacrificial layer as terminals overlying terminals 160. These 
portions may be etched so as to form pointed tips, which can 
serve as the terminals of the wafer probe card. Formation of 
terminals from a reinforcing element is described in co- 
pending, commonly assigned United States Patent Application 
Number 08/989,312 filed December 12, 1997, the disclosure of 
which is also incorporated by reference herein. 

[0040] The substrate is then typically connected to a 
testing unit for actual use of the device. The conductive 
traces 172 are then connected to a testing unit (not shown) or 
other external circuitry in order to test probed electronic 
elements such as individual semiconductor chips, full undiced 
wafers or PWB boards. In the embodiments discussed above, the 
terminals 160 can be created in an area array, i.e., an array 
of terminals 160 disposed throughout a region of the probe 
card, rather than only along edges of the card. Such an area 
array can include terminals 160 at a small pitch or center-to- 
center distance. Therefore, a chip or wafer having contacts 
disposed in a high density area may be contacted and tested by 
this probe card. 

[0041] Certain embodiments of the probe card may have non- 
oxidizing terminals either because the leads 150 and terminals 
160 comprised of such a material (e.g. gold) or because such a 
material has been plated on the tips 165 of the terminals 160. 
Alternately, the tips of the terminals may be plated with a 
rugged metal, such as osmium or rhodium, to give the terminals 
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added hardness. This allows the terminals to retain sharp 
features, such as pointed tips 165, despite repeated 
engagement with contacts of numerous electronic elements in 
service. The presence of such sharp features increases the 
ability of the terminals to break through any oxide layer on 
the engaged contact pads which the terminals are engaged with 
the contact pads, and helps to assure reliable electrical 
connections . 

[0042] The leads 150 may be shaped in any shape that meet 
the pitch (center to center distance) between two adjacent 
leads that is required for a particular application. Examples 
of such alternate lead shapes include spiral and U-shaped 
leads. Other examples can be found in the x 964 patent and in 
US Patent Application Serial Numbers 08/712,855 and 
08/927,601, hereby incorporated by reference herein. 
Copending, commonly assigned United States Patent Application 
08/989,582, also incorporated by reference herein, discloses 
further improvements in such processes . In the preferred 
arrangements taught in the '582 application, restraining 
straps which are shorter and stronger than the leads constrain 
the motion of the elements as they move away from one another 
to deform the leads. Similar restraining straps can be 
provided between the sacrificial layer and the substrate in a 
process according to this application. 

[0043] The terminals shown in Figure 1H have a concave back 

portion because of the conformal electroplating operation 
shown in Figure 1C. In alternate embodiments, however, the 
terminals may be solid. Such solid terminals may be made by 
depositing the material used to form the terminals into the 
cavities 125 so that the material completely fills the 
cavities. Such solid terminals are more likely to resist 
breaking under pressure as the probe is engaged with the 
contacts of an electronic element. 

[0044] In another alternate embodiment, the sacrificial 
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layer 100 may be used as a mandrel in which a pattern is first 
embossed. The leads 130 and terminals 160 may then be plated 
thereon. Such sacrificial layers 100 may be comprised of wax 
or thermoplastic material that has been dimensionally 
stabilized by adding at least one metal layer thereto. 
Alternately, an embossing process can be used to form a 
pattern in a metallic sacrificial layer. In yet another 
embodiment, the sacrificial layer can be formed by plating or 
otherwise depositing the material of the sacrificial layer 
onto a master form, which is then stripped away from the 
formed sacrificial layer. 

[0045] Figure 2 shows a top view of a preferable embodiment 

of a probe card 200, according to the present invention. In 
this figure, the step of forming a channel 210 in the 
encapsulant layer between each of the adjacent lead/ terminals 
has been added to the card manufacturing process. Channels 
210 facilitate independent movement of each lead and terminal 
independently with respect to the adjacent leads and terminals 
when the terminals are engaged with the contacts of the 
electronic element to be tested. Preferably this process step 
is accomplished using a laser to accurately ablate the cured 
encapsulant 190 without also ablating the substrate 170. The 
terminal pitch and dimensions of the leads should allow 
adequate space for the channels. To facilitate laser cutting, 
the substrate 170 may have a layer on its surface which 
reflects the radiant energy of the laser. One such layer is a 
copper layer on the surface of the substrate 17 0 around the 
substrate contacts. If a C0 2 laser is then used, it will 
ablate the encapsulant material but be reflected by the copper 
layer. Alternately, the channel 210 may be created by a high 
speed controlled depth cutting saw, abrasive jet cutting 
apparatus or water jet cutting apparatus. As also shown in 
Fig. 2, each lead is curved both in horizontal and vertical 
directions . 
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[0046] Figure 3 shows a top view of an alternate probe card 

in which the lead/terminal combinations are disposed in rows, 
the rows being offset from one another such that the terminals 
in each row are nested between the leads in the next row. The 
channels 220 are likewise ablated around the terminal 
structures in between successive rows of leads. Figure 4 
shows a perspective, magnified view of a portion of the probe 
card shown in Figure 3 . 

[0047] In a further variant, each lead 150 may include a 
polymer layer (such as polyimide) in the form of an elongated 
strip and a conductive layer such as a metallic strip on the 
polymer strip, desirably on a major surface of the strip. 
Figures 5A through 5G show one preferable method of 
manufacturing such a polymer lead with a polymer layer used in 
a probe card. This method is similar to the methods described 
above. In Figure 5A, a sacrificial layer 300 is used. 
Preferably, the sacrificial layer is a readily etchable 
material that is also electrically conductive, such as copper 
or aluminum. The sacrificial layer has a first surface 310 
and a second surface 320. As shown in Figure 5B, concave 
portions 325 are etched into the second surface 310 of the 
sacrificial layer 300. Preferably, the metallic lead 

conductors 330 are next selectively pattern plated on the 
second surface 310 of the sacrificial layer and terminals 360 
are electroplated in the concave portions 325, as shown in 
Figure 5C. In this embodiment, the terminals are plated as 
solid elements and the lead conductors and terminals are 
plated with a ductile metal, such as copper or gold. However, 
the lead conductors and terminals may also be comprised of a 
high strength metal with resilient or "spring-like" qualities. 
Alternatively, the lead conductors and terminals can be 
comprised of a super-elastic material, such as certain nickel- 
titanium combinations . 

[0048] As shown in Figure 5D, a layer 370 of polyimide 
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resin is conf ormally spun coat (using conventional spin- 
coating techniques) onto the second surface 320 of the 
sacrificial layer 3 00 and onto the lead conductors 33 0 and 
terminals 360 and the resin is cured. Apertures 380 are 
created in the polyimide layer 370 such that the ends of lead 
conductors 330 at the distal ends or second ends 335 of the 
lead conductors remote from terminals 3 60 are exposed at the 
bottom surface of layer 370, i.e., the surface facing away 
from the sacrificial layer. The apertures 380 can be created 
using chemical etching or laser ablation techniques. A 
conductive bump/joining material 390 is then electroplated 
into the apertures 380, as shown in Figure 5E. A generally U- 
shaped channel 430 is also created around each lead conductor 
330, as shown in Figure 6. Preferably, both the aperture 380 
and the channel 430 are created during a single laser ablation 
operation. If a C0 2 laser is used, the sacrificial layer 300 
is comprised of copper and the leads are comprised of gold, 
the laser will ablate the polyimide layer 370, but the laser 
energy will be reflected by both the lead conductors 33 0 and 
the sacrificial layer 300 so both will remain unharmed. The 
U-shaped channels subdivide layer 370 into polymeric strips 
371 extending along the lead conductors 330 and a main region 
373. Thus, composite leads 375 are formed. Each such 
composite lead includes a polymeric strip 371 and a metal 
conductor 330. 

[0049] As shown in Figure 5F, the conductive bumps/ j oining 
material 3 90 is aligned, abutted against and coupled to 
substrate contacts 410 on substrate 400 in the manner 
discussed above with reference to Fig. IF. For the reasons 
described above, a low temperature joining material 3 90 is 
preferred. However, if the sacrificial layer 300 can control 
the movement of the elements attached thereto due to thermal 
expansion and maintain alignment of the components at a high 
temperature, a high temperature joining method can be used as 
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well . 

[0050] After the second ends 335 of the lead conductors are 
coupled to the substrate contacts 410, a liquid encapsulant 
420 is injected between the sacrificial layer 300 and the 
substrate 400 thereby causing the composite leads 375 to pull 
away from the second surface 320 of the sacrificial layer 300, 
as shown in Figure 5G. The encapsulant material is then cured 
in order to form an encapsulant layer which acts to protect 
the leads and spread any localized stress on the leads during 
operation of the probe card. The sacrificial layer 300 is 
then removed, as by an etching operation, to reveal the probe 
terminal tips 365 for engagement with contact pads on an 
electronic element . 

[0051] Preferably, cylindrical holes 435 are provided the 
ends of the legs of each U-shaped channel 43 0 such that each 
hole 435 has a diameter slightly larger than the width of the 
channel itself. This will help stop any ripping of the 
polyimide during operation of the probe card. 

[0052] In one preferable alternate embodiment, the second 

surface 320 of the sacrificial layer 300 is treated such that 
the leads 330 do not adhere well to the second surface 320. 
This can be accomplished by plating a thin layer of material 
on the second surface 320, but not in concave portions 325, 
prior to any other operations. When the terminals are 
electroplated into the concave portions 325, the terminals 360 
should still be able to adhere well to the side walls of the 
concave portions 325 because no adherence inhibiting layer 
will have been added thereto. Thus, even if the leads lose 
their adherence to the sacrificial layer during further 
processing, the terminals 360 and the polyimide layer 370 
should provide enough adherence to anchor the first or 
terminal leads of composite leads 375 in place. However, 
after the channels 430 are ablated, the adherence of the 
second or distal ends 335 of leads 375 to the sacrificial 
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layer will be reduced such that the force of injection of the 
encapsulant will allow the second ends of the leads to peel 
away from the sacrificial layer 300. 

[0053] In certain variants, the lead could have two or more 
conductive layers, such as conductive layers on both major 
surfaces. Mult iconductor leads can provide for differential 
signaling over the plural conductors of the lead or to provide 
a ground conductor which lies immediately adjacent the signal 
conductor on the same lead. Leads of these type, and 
manufacturing processes for making such leads, are described 
in copending, commonly assigned United States Patent 
Application Serial Numbers 08/695,875; 08/715,571; 09/020,754; 
and 09/140,589, all of which are incorporated by reference 
herein. As described in greater detail in the copending 
applications, it is desirable to connect the multiple 
conductors of such a lead to closely-spaced contacts on a chip 
or other electronic element. For example, the chip may have a 
set of adjacent contact pads connected to a common internal 
circuit within the chip as, for example, to the positive and 
negative outputs of an amplifier. The terminals associated 
with the multiple conductors of a single lead in a probe card 
according to this embodiment of the present invention may be 
closely spaced so that these terminals can be engaged with the 
set of adjacent contact pads on the chip, thereby connecting 
the internal circuit of the chip to the probe card through the 
multiple conductors of a single lead. As discussed in 

greater detail in the copending applications, this provides a 
controlled- impedance signal path which markedly enhances 
operation at high signal frequencies. Use of this arrangement 
in the probe card is particularly advantageous where the 
electronic element to be tested must operate at high signal 
frequencies; the probe card can provide operation at the real 
signal frequencies which will be encountered in service of the 
electronic element, and thereby provides a more realistic 
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test. This is particularly advantageous where the signals 
which must pass through the leads include signals at about 50 
MHz or more, and is even more advantageous at even higher 
signal frequencies, such as above about 100 MHz or above 200 
MHz. 

[0054] One example of a test probe incorporating 
mult iconductor leads is shown in Fig. 7. In this embodiment, 
a second conductive layer is provided on the surface of the 
polyimide layer 370' facing the substrate 400', and formed 
into additional conductors 333 ! , so that each composite lead 
375' includes two lead conductors 330' and 333' on opposite 
sides of a polymeric strip 371. The two conductors of this 
lead are electrically connected to a set of closely-spaced 
terminals 365' and 367 ! , which can be engaged with closely- 
spaced contact pads on a chip or other element being tested. 
This extra conductive layer could be used as a ground plane, a 
power plane or as added leads for differential signaling 
operations, as disclosed in copending, commonly assigned 
United States Patent Application Serial Numbers 08/715,571; 
09/020,754 and 09/140,589, the disclosures of which are hereby 
incorporated by reference herein. 

[0055] In a further variant (Fig. 8) , the probe card can 

include a flexible dielectric layer 502 overlying the 
compliant encapsulant 504. During fabrication of the probe 
card, the leads 508 can be provided on a bottom surface 506 of 
a flexible dielectric layer, in an arrangement generally 
similar to certain preferred embodiments shown in the 
aforementioned United States Patent 5,518,964. In this 

arrangement, the leads 508 initially extend bottom surface 506 
of the flexible dielectric layer. Terminals 510 are exposed to 
the top surface of the dielectric layer, and desirably 
protrude upwardly above the top surface as shown. Desirably, 
the terminals have points, sharp edges, asperities 511 or 
other sharp features to facilitate engagement with the 
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electronic element to be probed. 

[0056] The dielectric layer is assembled to substrate 514, 
and the ends of the leads are bonded to the substrate, 
whereupon the substrate and flexible element are moved away 
from one another and the encapsulant is injected between the 
substrate and dielectric layer, thereby bringing the assembly 
to the condition depicted in Fig. 8. The flexible dielectric 
layer may remain in position after these steps. In a further 
variant of this approach, a releasable bond between a lead and 
the surface of the dielectric layer is formed by etching the 
dielectric material, as disclosed in certain preferred 
embodiments of copending, commonly assigned United States 
Patent Application Number 09/020,750, filed February 9, 1998, 
the disclosure of which is also incorporated by reference 
herein . 

[0057] A procedure for testing an electronic element such 
as those described above is diagrammatical ly illustrated in 
FIG. 9. A probe card 600, which may have any of the 
configurations discussed above, is engaged with an electronic 
element 602 which in this case is a wafer incorporating 
numerous semiconductor chips 603 having internal electronic 
devices 603 and contact pads 606. The chips are delineated 
from one another by scribe lines 605. The wafer is arranged 
so that those electronic devices form functional parts of the 
individual chips are disposed outside of the scribe lines. In 
the testing method, the probe card 600 is engaged with the 
electronic element or wafer 602 by disposing the probe card 
with the wafer so that the terminals 610 are aligned with the 
contact pads 606 on the wafer and so that the encapsulant 
layer 612 is disposed between substrate 614 and the front, 
contact pad-bearing surface 616 of the electronic element. 

[0058] The substrate 614 is urged toward the electronic 
element 606. For example, the substrate and electronic 
element maybe squeezed together by a pair of platens 618. 
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Other elements such as fluid pressure devices weights, springs 
or essentially any other device capable of applying force 
could be used to urge the substrate and the electronic element 
together. As the substrate is urged towards the electronic 
element, the terminal 610 are urged into engagement with the 
contact pads 606 of the electronic element. The encapsulant 
layer 612 and leads 611 can deform so that terminals 610 can 
move. Such movement can include movement in a vertical 
direction, towards and away from the substrate 600. This 
allows the terminals to accommodate differences in height of 
the contact pads 606 as, for example, where the wafer front 
surface 616 is out of plane and allows reliable, consistent 
engagement with the contact pads 606 on the wafer. 
[0059] While the terminals are engaged with the contact 
pads, the electronic devices within the wafer are actuated by 
sending signals through the circuitry 602 of the probe card 
and through the leads 611 and terminals 610 into and out of 
contact pads ,606, so that signals pass to and from the 
electronic devices 604 of the wafer. The term "signals" as 
used herein should be understood broadly as including both 
time-varying signals of the type commonly used as inputs and 
outputs and also including constant potentials such as ground 
and power potentials which must be supplied to or taken from 
the electronic element under test. 

[0060] After completion of the test, the wafer is separated 
from the probe card and the individual chips are separated 
from one another as by cutting along scribe lines 605. 

[0061] As described above, the present probe array 
contactor can be used to test single chips having peripheral 
or area array contacts. It can also be used to test all or 
part of a full undiced wafer simultaneously. Alternately it 
could be used to test printed wiring boards ("PWBs" ) and or 
assembled packages, such as ball grid array ("BGA") packages. 
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